The humidity output of heated humidifiers may be compromised by inlet gas temperatures exceeding approximately 26°C, with humidity dropping below the recommended levels for intubated patients. A new version of the Fisher & Paykel MR850 humidifier claims to deal with this problem by offering a humidity compensation option. The present study tested this feature by measuring humidity output using the gravimetric method and a hygrometer at different inlet gas temperatures (16.6°C to 40.0°C) with compensation on and off. It was found that the compensation is effective in maintaining humidity levels despite high inlet gas temperatures.
We have recently shown that the performance of heated humidifiers decreases as the temperature of incoming gas is increased 1 . This can result in humidity outputs below those recommended for intubated patients 1 . A recently produced heated humidifier has become available that is designed to compensate for this effect and maintain humidity output despite high incoming gas temperatures. The aim of the current study was to determine whether this feature adequately deals with this problem.
MATERIAL AND METHODS
Humidity output at different inlet gas temperatures was measured in a similar manner as previously described with the addition of direct humidity measurement using a hygrometer 1 . To ascertain the efficacy of the new compensation software, a constant 15 l/min flow of oxygen was delivered to a heated humidifier (MR850, software versions 5.52 and 5.58, Fisher & Paykel, Auckland, New Zealand). At the start and end of the experiment, flow was measured using a pneumotach (RT200, Timeter Instrumentation Corporation, MO, U.S.A.). Inlet gas tempera-ture was varied between 16°C and 40°C, using an iced water bath or a dry, heated humidifier ( Figure 1 ).
Heated humidifiers such as the one under study develop and control two parameters-patient temperature and chamber temperature. These temperatures are controlled by two heating mechanisms. Water and air are heated in the humidifier chamber which is placed on a heated base plate, while gas passing along the delivery tube is heated with a heating wire. The humidifiers under study used the factory preset settings for intubated patients of 40°C with an offset of -3°C. This generates a patient-end temperature of 40°C and a humidifier chamber temperature of 37°C (-3°C offset). The compensation software adjusts the chamber temperature either manually *M.App.Sc., Intensive Care Technologist.
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(software version 5.58) or automatically (software versions 5.52 and 5.58) in an attempt to maximize humidity production. This is achieved by comparing the actual chamber temperature with that expected based on the power being provided to the humidifier base. The performance of the humidity compensation software was determined using three combinations of humidifier settings: compensation off, automatic compensation on and manual compensation on ("Hi" setting of +3 resulting in a 0°C offset (40°C chamber temperature)). Four humidifiers were tested simultaneously for each inlet gas temperature, two with compensation off and two with compensation on (for software version 5.58, one manual and one automatic). Standard humidifier circuitry and temperature probes were used (Fisher & Paykel, Auckland, New Zealand). Flow was passed through a disposable humidifier chamber (MR225) with a heated disposable patient circuit (RT200). A temperature probe (900MR531) was placed approximately 8 cm from the humidifier chamber and connected to a Duotemp temperature unit to measure inlet gas temperatures. Patient and chamber temperatures were monitored using a dual right angle temperature probe (900MR568) connected to the humidifier. Ambient temperature was approximately 25°C. The connection between the inlet gas temperature probe and the humidifier was insulated. The humidifier chamber was filled with water to the level indicated by the manufacturer. It took approximately 30 minutes to reach the desired settings after flow was initiated and the humidifiers turned on.
For the various inlet gas temperatures and humidifier settings, humidity output was determined using the gravimetric method 3 and with a calibrated electronic hygrometer (HyCal, Fisher & Paykel, Auckland, New Zealand). The hygrometer was positioned at the distal end of the humidifier circuit under investigation and was zeroed between measurements in dry air. For the gravimetric method, the weight of the humidification chamber, with and without water, and the patient delivery tube were measured at the beginning and end of the study with calibrated scales (Mettler PE 6000, Mettler Instruments, Zurich, Switzerland). The tubing was oriented so that no condensation was lost from the circuit by dripping out. To measure the volume of gas passed through the system, the duration of the study was recorded accurately. Absolute humidity output was calculated with the equation (3):
Humidity (mg/l)=(m x 1000)/(V x (1+(0.0037 x (37-θ)))+(1.4081*m)),
where m=(pre-chamber weight -post-chamber weight) -(post circuit weight-pre circuit weight) (grams), V=gas flow X duration (litres) and θ= patient temperature (40°C).
The study consisted of recording ambient, inlet, chamber and patient temperatures every 30 minutes for four hours to establish the stability of the system.
RESULTS
Eight sets of measurements were obtained yielding 32 measurements. Five sets were obtained with software version 5.52 and three with version 5.58. Results are presented in Table 1 . Absolute humidity measured by the gravimetric method was consistently less than that measured with the hygrometer. Chamber temperature was 37°C when humidity compensation was off and varied between 37°C and 40°C when compensation was on.
As inlet gas temperature increased, absolute humidity decreased in the humidifiers with humidity compensation turned off. In the humidifiers where humidity compensation was turned on, absolute humidity showed far less decrease at elevated inlet gas temperatures as measured by the gravimetric 55 method and with the hygrometer. With humidity compensation on, absolute humidity with software version 5.58, for example, decreased by only approximately 2 mg/l (5%) as inlet gas temperature increased from 25°C to 34°C while a decrease of 5 mg/l (13%) occurred without compensation. Both manual and automatic compensation maintained absolute humidity near that obtained at low inlet gas temperatures. Figure 2 depicts a set of results for software version 5.58 using the hygrometer.
HEATED HUMIDIFIER PERFORMANCE COMPENSATION

DISCUSSION
The effect of high inlet gas temperature on humidifier performance has only recently been recognized 1 . This effect can result in a significant reduction in the production of humidification as inlet gas temperature increases above approximately 26°C. For inlet temperatures above 26°C, humidity output may be lower than the minimum recommended humidity range for intubated patients of 30 to 34 mg/l 3-6 . Such low humidity caused by high inlet gas temperatures may pose problems for certain patients, particularly neonates. The absence of condensation on the roof of the humidifier chamber visibly indicates low humidification production but this sign may be missed or the reduction in humidity production may be less dramatic. All users of heated humidifiers should be aware of this potential problem. Although this effect may occur infrequently, our experience suggests that such situations do occur and all users should therefore be aware of it and its potential remedies. High ambient temperatures as well as some ventilators and circuit configurations, such as short circuits lengths, ventilators that draw in room air or ventilators that have a tendency to warm gas, may cause this effect 1 . It is important to avoid or minimize the magnitude of this effect.
There are several factors that determine inlet gas temperature such as ambient temperature, the temperature in the immediate vicinity of the humidifier, the effect of ventilators on gas temperature, circuit length and circuit insulation 1 . It is often difficult to control any of these factors so a humidifier that is inherently resistant to the effect of high inlet gas temperature is desirable.
The results of this study show that the humidity compensation software available for the humidifier studied does in fact avoid the drop in humidity production associated with high gas inlet temperatures. While this may still result in absolute humidities above the recommended minimums 3-6 , humidity production is still compromised and less than maximal. A drop below the recommended minimum humidity levels does occur in particular circumstances 1 . This results from failure to maintain chamber temperatures sufficiently above inlet gas temperature to allow the humidifier to heat the water in order to produce adequate humidity. It follows that higher chamber temperatures are inherently more resistant to this effect. The automatic and manual (+3) compensation settings appear to be equally effective for this purpose.
There are a number of limitations that we have tried to avoid while conducting this study. The gravimetric method is susceptible to errors from various sources and may tend to underestimate measured humidity as seen here. Such errors can be introduced by the averaging effect inherent in the gravimetric method where the calculated humidity is actually the average humidity produced over an extended period of time, including the humidifier warm up, as opposed to the instantaneous measurement produced by the hygrometer. Other potential errors could occur in the measurement of flow and mass, or the loss of condensation out of the circuit. We tried to minimize the effects of these factors in a number of ways, by measuring time and volume accurately. Flow was measured at the beginning and end of the experiment to ensure constant flow. Our analysis showed that flow and patient temperature variations did not affect the calculated absolute humidity. We also used appropriately calibrated scales and oriented the delivery tube in a way that minimized the amount of condensation lost. Results presented here may differ from those presented elsewhere 1 for these reasons; other causes of error or differences in the performance of the humidifiers or its components. These potential problems are common, however, in each of the tests conducted ensuring that the results provide an accurate comparison of performance. A similar effect would be expected in the adult intensive care environment as well as with other humidifiers which use chamber temperature, but this would need to be confirmed by further study.
We conclude that the humidity compensation option offered on the MR850 heated humidifier deals effectively with the decrease in humidity that occurs with high inlet gas temperatures. Users of heated humidifiers should be aware of the deleterious effects of high inlet gas temperatures and the methods available to deal with these.
